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ABSTRACT
The Mu2e experiment could prove to be a monumental discovery for all of mankind due
to the observation of muon to electron conversion. An extinction monitor is necessary to
ensure that the proton beam fired is converted completely to muons. Since the proton
beam has not been adequately mapped, adjustment and mounting of the entrance
collimator component of the extinction monitor is required. SolidWorks modeling, Ansys
simulations, and hand calculations were completed to develop a design that could achieve
this. Stresses and deflections were determined to ensure compliance with FESHM,
ASME, and ANSI standards. An optimal design was selected, and the components of said
design were deemed appropriate for the application. Sub-assemblies including a
horizontal adjustment, vertical adjustment, pivot assembly, and collimator holder were
designed to comprise this assembly with user input as a consideration. The safety
standards adhered to show that the design created will retain the position even with
multiple component failures. Additional analysis has been performed on each subsystem,
and each has proven to be acceptable for the critical lift and installation.
This document is uncontrolled when printed. The current version is maintained in Teamcenter.
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DEFINITIONS
EM – Extinction Monitor.
KPP – Key Performance Parameter
Upstream – Refers to the side of the filter closest to the target.
Downstream – Refers to the side of the filter closest to the EM detector.
Magnet room – Refers to the upstream room of the EM enclosure. It is located above and
behind the primary proton absorber and is where the Filter Magnet will be installed.
Detector room – Refers to the downstream room of the EM enclosure. It will contain the
EM detector and is separated from the magnet room by 2 meters of concrete.
Entrance Collimator – The upstream collimator.
Exit Collimator – The downstream collimator.
Fixed Liner – The stepped pipes in which the two collimators are mounted.
Shot Liners – The outer pipes that are to be embedded in concrete and into which the
Fixed Liners and Collimators are mounted.
Filter Magnet – An existing permanent magnet that is installed in the magnet room.
PS- Production solenoid that is responsible for conversion from protons to muons.
2. INTRODUCTION
2.1 BACKGROUND
The grander scale of this project is Mu2e itself. According to Rodger Bossert [20] and a
Fermilab manual generated by George Ginter [21], negatively charged muons normally
decay into neutrinos and electrons. However, there is an event that occurs once every one
hundred quadrillion times, where a negatively charged muon will decay into only an
electron. Mu2e’s purpose is to observe the pure muon to electron transition[21].
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Figure 1: Layout of Mu2e and Location of Proton Beam Dump

As shown in Figure 1, the main location of interest for purposes of this project is The
Proton Beam Absorber (dump).
The proton beam will be fired in pulses for this experiment to be executed successfully
[22]. As such, it is crucial to ensure that there are no remaining protons between each
pulse. The extinction monitor provides a means to monitor the proton beam between
pulses in order to ensure that this effect occurs. As the EM is tracking the proton beam, it
is essential not only to have a means to lift the entrance collimator and hold it in place,
but to be able to aim the EM at the beam. The proton beam’s exact location will not be
able to be mapped until later in Mu2e’s project construction. As such, an adjustment of
+/- 2” (50.8 mm) of adjustment will be required.

This document is uncontrolled when printed. The current version is maintained in Teamcenter.

Fermilab

Mu2e
Extinction Monitor Mount
Engineering Note

TC #
Rev -Date:4/25/2020
Page 7 of 104

Figure 2: Overview of the EM [22]

Figure 2 shows the configuration of the EM in its conceptual form. The models of people

shown give one a sense of scale as to how large these pieces of equipment will be. The
focus will be on the tube collimator embedded in concrete on the left.
2.2 PURPOSE OF THE PROJECT
The purpose of this project is to provide an engineering note containing a series of
detailed drawings and analysis of the mount required for Fermilab to utilize for
procurement and installation of the EM entrance collimator. A modified installation plan
has been completed in addition.
2.3 PREVIOUS WORK DONE BY OTHERS
Designs had been proposed by Fermilab for the mount and the lifting fixture. However,
neither of these had detailed drawings, and the initial proposal was conceptual at the start
of the project. The aim was to replace the preliminary design and procedure for the
critical lift and mounting of the entrance collimator.
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Figure 3: Concept of Installation of the EM entrance collimator [23]

Figure 3 shows the initial concept of how the EM entrance collimator would be installed.
The Versalift (left) would raise the collimator into position, and the hanging mount would
assume the load of 6000lbf once mated. This was useful in determining the envelope in
which the project had to work in.
Figure 4 shows the initial proposal for the hanging mount prior to concrete pouring.
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Figure 4: Conceptual design for hanging mount

2.4 BRIEF OVERVIEW OF REPORT
The following report encompasses the entirety of the extinction monitor mount project.
The report gives insight into how the design was chosen based upon all the different
constraints involved. These constraints include engineering codes and standards,
economic, manufacturability and safety issues. The report further explains the budget and
timeline to completion.
3. PROJECT DESIGN
3.1 OPTIMAL DESIGN
The Extinction Monitor Mount was divided into 4 different subsystems: the lifting
structure, the horizontal adjustment, the vertical adjustment, and the U-Pivot system.
Each of these subsections are further broken down based upon their components. The
horizontal adjustment assembly is further broken down by the trolley and I-beams. The
vertical adjustment assembly is broken down by the hanging pulley, wall mounted pulley,
the winch, and the wire cable and lock. The U-Pivot is broken down into the rail system,
swivel assembly, and vertical control assemblies. The lifting structure is broken down
into the base, counterweights and holding rings.
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3.1.1 OBJECTIVE
The overall goal of the project is to safely move the Collimator into its desired position
for calibration. For the critical lift and installation of the entrance collimator to be
implemented effectively, a series of sub-systems were designed to allow for the minimal
space and heavy load lifting requirements of the procedure. Figure 5 shows all the
subsystems working in unison to install the collimator in the nominal position. The final
location entails the upstream flange being flush with the Extinction Monitor Magnet
Room wall. The nominal angle is placed 9.7ᵒ below the horizontal plane.

Figure 5: Final design overview

A series of cables and pulleys attached to an overhead hoist trolley system on the
downstream end will have the capability of vertical and horizontal adjustment. A pivoting
assembly on a rail will secure the upstream lifting lugs of the entrance collimator with the
upper portion of the assembly and will have enough degrees of freedom to allow for the
downstream adjustment. The collimator will arrive on a holder subsystem which allows
for the collimator to be lifted in place by a forklift and shift the center of gravity over the
forks. The forklift in question is a CGC70 with fork extensions and fork positioner. The
CGC70 is deemed to be safe for the application based on the load center of 42” (1067
mm) needing to be lifted 162” (4115 mm).
The collimator will have a weight of 5200 lbs. (23.1 kN) prior to installation. After the
nominal position and angle have been achieved, and the proper adjustment has been
made, steel shot will be poured into an internal cavity in the collimator. The steel shot
pour will increase the weight to 8200 lbs. (36.5 kN). Further analysis will show that all
subsystems will be sufficient for the critical lift according to Fermilab Environmental and
Safety Hazards Manual (FESHM), ASME, and ANSI safety codes.
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3.1.2 SUB SYSTEMS
3.1.2.1 COLLIMATOR HOLDING STRUCTURE
3.1.2.1.1 OVERVIEW
The design begins with a collimator holder consisting of wide-flange W10x54 profile Ibeams stacked upon one another and welded together. The bottom ring supports are
welded to the I-beam substructure, and counterweights are stacked and welded to the top
of the I-beams as well. The purpose of this structure is to hold the collimator during
forklift transportation and shift the center of gravity. The collimator has a center of
gravity that favors the upstream end, and the holding structure shifts it over the load
center of the selected forklift forks. This difference can be seen between Figure 6 and
Figure 7.

Figure 6: Collimator center of gravity (pink)

Figure 7: Shifted center of gravity (pink)
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3.1.2.1.2 ANALYSIS
In order to prove that the collimator holder will sufficiently carry the 5,200 lbs. load, an
Ansys simulation was conducted to show how the expected load will be less than the
allowable limit of not only the holding rings, but also for the bolts that hold the
collimator down. First, the maximum deformation of the holder structure was analyzed.
The results can be seen in Figure 8 and Figure 9.

Deformation (Ft)

Max Deformation of the Collimator
Holder
0.00061
0.0006
0.00059
0.00058
0.00057
0.00056
0.00055
0

20000 40000 60000 80000 100000 120000

Elements
Figure 8: Deformation convergence (Collimator Holder)

Figure 9: Deformation contour plot

Figure 10 shows the maximum deformation of the collimator holder. The maximum

deformation of 0.182 mm is found on the ring furthest away from the forklift. The
deformation was expected here because of the moment caused by the large collimator.
Once the deformation was converged to an allowable limit, the maximum stress was then
found.
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Figure 10:Tetrahedral Mesh of the bolts

Figure 11: Bolt Mesh

Using multiple mesh styles, the maximum stress was solved for. It was found that the
maximum stress would occur on the bolts directly attached to the ring with the maximum
deformation. With this knowledge, different meshes were used on the bolts versus the
holder. To conduct this simulation, bonded contacts between the bolts and beam itself
had to be mimicked. The load was then simulated as the weight of the collimator acting
downwards. This downward force will cause a moment to act upon the front half of the
holding structure. Figure 10 and Figure 11 show the two mesh styles used. Figure 10 shows
the basic tetrahedral mesh, and Figure 11 shows a hex dominant mesh used and also
shows how the mesh on the bolts different from the mesh on the ring.
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Figure 12: Maximum Stress

Figure 13: Maximum stress using tetrahedral mesh

Using multiple mesh styles will result in different converged stresses, so Figure 12 and
Figure 13 show the maximum stress found in the bolts. The maximum stresses found were
to be 63.1 MPa and 72.0 MPa. Both stresses will be under the allowable limit of the bolts
if grade 8 hex bolts are used.
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The convergence graphs of both meshes are shown in Figure 14 and Figure 15.

Stress covergence of Bolts using Tetrahedral
12000
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Figure 14: Convergence graph using tetrahedral mesh

Stress Convergence of Bolts using Hex Dom
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Figure 15:: Convergence graph using hex dominant mesh
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3.1.2.2 HORIZONTAL ADJUSTMENT ASSEMBLY
One of the key components of the lifting system is the horizontal adjustment assembly.
This subassembly will be responsible for the lateral (x-coordinate) adjustment as well as
holding most of the load after the collimator is removed from its angled rail support.
Figure 16 shows the upstream version of the horizontal rail system. The area highlighted
in green shows the hand-operated chain drive that will move each trolley individually. If
needed, a cross bar can be installed to connect the two trolleys. This will allow one chain
to drive both trolleys. The blue area will be where the pulley system will mate, and the
device circled in red is merely a clamp that will lock the trolleys into position once the
desired x-coordinate is achieved. The I-beam that holds the system will be made from A36 steel [12]. Counterbored holes are drilled at the top flange of the I-beam to
accommodate the Hilti Kwik-bolt 3 expansion anchors for concrete and structural
washers. Based on the specification sheet from Hilti [10], 1/2” (12.7 mm) diameter bolts
should be sufficient for the 5200 lbs. (2363.64kg) load being supported. The exact
positioning of the I-beam is shown in Appendix D. The plates on the ends of the I-beam
are there to prevent the trolleys from rolling off. These are to be welded on after the Ibeam is in its nominal position.

Figure 16: Upstream Horizontal Adjustment Trolley

As mentioned previously this assembly will be predominantly responsible for
maintaining the position and holding the 5200 lbs. (2363.64kg) load during the critical
lift and holding half of the 8200 lbs. (3727.27 kg) load once installation is complete. As
such, various safety standards needed to be met in order to ensure safe operation, and to
prevent the structures from failing. ASME B30.2 and ASME B30.16 both dictate that if
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the trolley in question is rated for load being applied, the trolley is safe to operate [3-4].
However, the same codes dictate that if there are multiple trolleys on one rail, then both
must be rated for the full load being lifted [6]. The Hilti Kwik-bolt 3 expansion anchors
are governed by the same philosophy [8]. The I-beam has a more elegant way of
ensuring safety. Since these I-beams are acting as the overhead “track” they fall under
ASME B30.11 [7] and ANSI MH27.1 [8]. These two codes refer to each other and state
the stress induced by the load acting on the track must not exceed 20% of the ultimate
tensile strength of the material that the track is constructed from. The limit indicated is
92 MPa of stress.

3.1.2.2.1 TROLLEYS
The trolley shown in Figure 17 is the chain-driven model with a 6600lb (2993.71kg)
capacity chosen. This coincides with ASME B30.2 and B30.16 [3] [4]. Each trolley is
expected to hold approximately 2050lbs (931.82 kg) maximum, and as the design is a
hybrid overhead hoist and linear rail support, the ratings were deemed appropriate. The
main concern occurs during the critical lift. There is a possibility that the horizontal
adjustment mechanism completely overtakes the load of the entrance collimator
(2363.64kg) during installation. As the pre-installation collimator weight is less than the
rated load for each trolley, safety is not a concern. The trolley is also adjustable in width
to accommodate variable widths of I-beam which is useful for track selection. In short,
this component is sufficient for the desired application.
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Figure 17: Trolley model purchased from Mcmaster-Carr [11]

3.1.2.2.2 I-BEAM
Article 6.3.1.1 in ANSI MH27.1 [8] states that the allowable stress induced in the beam
from the load shall not exceed 20 percent of the ultimate tensile strength of the material.
Article 6.3.1.2 of the same standard states that the same stress shall not exceed 60 percent
of the yield strength of the same material. According to Matweb, those values are 460
MPa for ultimate tensile strength, and 250 MPa for yield strength of A-36 steel, which is
what the I beam is made from [19]. That would make those adjusted values 92 MPa for
the allowable according to ultimate tensile strength and 150 MPa for the allowable stress
according to yield strength. For a more conservative approach, the allowable stress of 92
MPa was chosen as an upper limit. Once again, the beam will theoretically only hold
4100lbs (1863.64 kg), but since the maximum weight projected to be held by the
subsystem is 5200 lbs. (2363.64kg), that was the weight that was chosen for analysis.
Figure 18 and Figure 19 show the contour plots of von mises stress of the top and bottom

of the bottom flange of the I-beam using Ansys. Additional geometry was added to the
top of the bottom flange and placed in such a way as to simulate the wheels of the trollies
acting as point loads on the beam. A tetrahedral mesh using a quadratic-order solver was
used for the convergence study.
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Figure 18: Contour plot for stress in the I-beam track

Figure 19: Stress localization in counterbored holes for structural washers
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Figure 20:Stress singularity based on added geometry

Figure 18, Figure 19, and Figure 20 show that the maximum stress converges at 63.58 MPa.

As this is below the maximum allowable stress of 92 MPa, this beam is suitable for use in
this application. The maximum stress in the beam localized on one of the corners of the
wheel geometry. Therefore, it is most likely that the converged stress is even lower than
the predicted 63.58 MPa. It can be shown that the stress is somewhere on the order of
35.32 MPa within the context of the I-beam geometry. The maximum stress value occurs
around where the bottom flange meets the fillet for the central post (Figure 20). The beam
chosen was selected from Metals Depot [12] and is a standard S8x32 profile beam cut to
72” (1828.8 mm) in length.
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Figure 21: Hex dominant mesh on I beam

Figure 22: Stress concentration in hex dominant mesh
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In addition to the tetrahedral mesh, a hex-dominant quadratic order mesh ( Figure 21) was
used in an attempt to verify the results from the original finite element simulation. As the
wheel geometry was a source of error in the previous mesh, it was removed for greater
clarity. The stress converged to a value of 56.04 MPa with the stress concentrating on the
center hole geometry in the bolt pattern (Figure 22). As the tetrahedral mesh yielded a
higher resultant stress, that was the stress that was chosen. Overall, both versions of
mesh showed resultant stresses under the 92 MPa limit, and thus the overhead I-beam rail
is suitable for the critical lift application.

3.1.2.3 VERTICAL ADJUSTMENT ASSEMBLY
In order to successfully lift and hold the 5,200 lb. (2,359 kg) collimator, the use of a
compound pulley system will be constructed. The use of pulley systems has been utilized
for centuries to allow for heavy loads to be moved with ease. The pulley system will not
only allow for the collimator to be lifted into place, but it will also allow for the
collimator to be safely secured once the position is set. The principle concept behind
pulley systems may be simple, but there are many factors involved when creating a
specific system. However, the main factor behind setting up any pulley system will be the
expected load of the mass being lifted. The collimator weighs about 5,200 lb. (2,359 kg)
,so in order to adhere to ASME and FESHM standards, each pulley of the system needs
to be rated at that capacity. Figure 23 shows the initial design and set-up of the pulley
system.

Figure 23: Front View of Pulley System
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The compound pulley, winch, trolley system was designed to have two sets of
components mirrored with each other. Each sub-system will be comprised of a trolley
with a hanging pulley attached. This pulley is then attached to a wall mounted pulley and
winch. Figure 23 shows the adjustment mechanism without the collimator. The design of
this subsystem considered the various safety standards and regulations to maximize the
safety factor of the system. To begin the design, different types and styles of pulleys was
initially researched.

3.1.2.3.1 HANGING PULLEY
It was determined that lifting pulleys with bearings were needed for this application. The
bearings serve a vital purpose in the design. Not only do the bearings allow for the pulley
to have a much larger load capacity, but they also allow for the pulley to turn and swivel.
This is vital because the collimator needs to be lifted both in the y and z direction without
adding extra stress on the pulley. Figure 23 shows the pulley in the front assembly by
denoting it with a red circle. This pulley is slightly different than the wall mounted pulley
because it will need to be attached directly to the trolley system. This will ensure that the
additional two inches of horizontal adjustment are achieved.

Figure 24: Hanging Pulley

Figure 24 shows the front pulley that will be used in all the subsystems. This pulley was

chosen based upon its design, and ASME B30.16 which specifies vertical hoist standards.
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Specifically, items 11 and 12 were crucial. Item 11 states only lift loads less than or equal
to the rated capacity of the hoist. Item 12 states when using two hoists to suspend one
load, select two hoists each having a rated capacity equal to or more than the load. This
provides adequate safety in the event of a sudden load shift [4]. In order adhere to these
standards, each pulley involved in any subsystem needs to be rated to hold the entire load
of over 5,200 lbs. (2,359 kg) Figure 24 shows the pulley that will be purchased from
McMaster-Carr. This pulley is rated for 8,800 lbs. (3,992 kg) and uses a cable diameter of
½ inch (12.7 mm) [18].

3.1.2.3.2 WALL MOUNTED PULLEY
The wall mounted pulley is used to naturally change the direction of the force to be
completely horizontal. This is needed in order to properly adjust the collimator. This
pulley is rated for 10,500 lbs. (4763 kg) and is compatible with the cable diameter of ½
inch (12.7 mm). This pulley is circled in blue. This pulley also adheres to the same
ASME codes and standards. The wall mounted pulley will be mounted using the same
Hilte bolts as mentioned in section 3.1.2.2. Figure 25 shows the wall mounted pulley used
in the system. The wall mounted pulley allows for routing of the cabling from the winch
to collimator for adequate adjustment.

Figure 25: Wall Mounted Pulley
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3.1.2.3.3 WINCH
Each subsystem will be completed by the addition of a hand powered winch mounted to
the concrete ceiling. A winch is a powerful tool which when used in a pulley lifting
system, can greatly reduce the user input of the system. There are many types of winches,
so proper research was conducted before deciding on the correct winch. An ideal winch
in this subsystem will require multiple variables and parameters to be accounted for. The
winch will need to be mountable, rated for at least 5,200 lbs (2359 kg), have an
emergency brake built in, be compatible with the pulleys and cables, and allow for the
raising and lowering of the collimator. These different conditions made it a challenge to
find a compatible winch, but the Model M492B was eventually found. The Model
M492B by Thern was chosen because it adequately meets each of the previously stated
requirements. This model also adheres to the ASME safety standard B30.16 as stated
earlier [4].

Figure 26: Hand Powered Winch

Figure 26 shows the Model M492 by Thern. The difference between this model and the

model to be purchased is the addition of the emergency brake in M492B model. It is
imperative that the emergency brake is included to ensure the safety of the operators. The
Model M492B is rated for 10,000 lbs. (4,536 kg) for lifting applications [14]. According
to the performance characteristic chart, the force to operate this winch is 8 lbf (36 N) per
1000 lbs. (454 kg), so it is estimated to require roughly 24 lbf (107 N) per winch [14].
Each subsystem of the pulley system will be responsible for lifting 3,000 lbs. (1361 kg)
and using a hand powered winch will help reduce this force. This vast reduction in the
force required to lift the collimator.
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3.1.2.3.4 WIRE CABLE AND LOCK
As previously stated, there are certain ASME safety standards that adhere directly to the
force and loads expected in cables. ASME 30.2 2-1.14.3 a states: The hoisting ropes shall
be of a recommended construction for crane service. The total load (rated load plus
weight of load block) divided by the number of parts of line shall not exceed 20% of the
minimum breaking strength of the rope [3]. These strengths and requirements are
calculated below.
(Total Load)/(Number of Segments)<Breaking strength*20%
(5,200 lbs.)/(3 Segments)<34,700 lbs.*20%
(1733.33 lbs.)/segment<6,940 lbs.
As shown above, the cable was determined to be safe enough for use in each subsystem.
The wire cable found has a load capacity of 34,700 lbs. (15740 kg), rated for lifting, and
has a compatible diameter of ½ inch (12.7 mm) [15]. The specific design of the wire
cable is shown below in Figure 27.

Figure 27:SuperSwaged ZIPWIRE

Figure 27 shows the exact geometry of the wire rope being used in the subsystems. This

wire rope was found from WorldWide Enterprises, Inc. The SuperSwaged ZIPWIRE
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provides approximately 30% greater breaking strength than other wire ropes with similar
diameters. The flattened outer strands create a smooth surface area that spreads contact to
reduce wear. Individual wire strands are performed to maintain their shape and prevent
rope from unraveling when cut. Rope is lubricated to reduce wear [16]. It is estimated
that each cable will need to be 50 feet (15.24 m) in length. Finding compatible wire rope
was not the only issue to be addressed here. A way to attach the collimator to the wire
cable was next investigated. With budget and spatial constraints in mind, compression
sleeves were found.

Figure 28: Compression Sleeve

Figure 29: Wire Rope with Sleeve
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As shown in Figure 28 and Figure 29, compression sleeves will be utilized to attach the
wire cable to the collimator. The cable will loop through the lugs currently attached to the
collimator and will act as the anchor point of the pulley systems. In order to adhere to the
ASME safety standards, a minimum of 6 sleeves per cable will need to be used [16].
Installation of these compression sleeves is relatively simple, but they do require the use
of a separate hydraulic compression tool or crimper. This crimper provides the necessary
compressive force to secure close each of the sleeves [17].
3.1.2.4 U-PIVOT SYSTEM
For the Horizontal Adjustment Mechanism to operate correctly during the alignment
phase, the Collimator must be placed in a system that adjusts the orientation of the
downstream end of the Collimator while moving to the optimal positioning. The two
configurations of the system designed for this task is the U-Pivot system and can be seen
in Figure 30 and Figure 31. After discussion with Fermilab personnel, it was deemed
necessary to have two lifting options. Hence the ACME driven and Enerpac cylinder
driven configurations.

Figure 30: ACME Configuration
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Figure 31: Enerpac Configuration

Both configurations were made of three small sub-assemblies, the rail system, swivel
assembly, and vertical control member. The rail system consists of a rail and two bearing
blocks. The swivel assembly consisted of the slotted block connected straight to the
bearing block and top half assembly weldment that is connected to the slotted block.
Finally, the Vertical control member consists of a vertical control block that is controlled
by an ACME control rod or four Enerpac cylinders.
For both configurations, this system is designed to receive the Collimator directly from
the forklift, lift the lugs on the Collimator to the optimal pivoting height, and swivel to
adjust for the Horizontal Adjustment Mechanisms movements. These adjustments can be
seen in Figure 32 and Figure 33.

This document is uncontrolled when printed. The current version is maintained in Teamcenter.

Fermilab

Mu2e
Extinction Monitor Mount
Engineering Note

TC #
Rev -Date:4/25/2020
Page 30 of 104

Figure 32: Vertical Adjustment

Figure 33: Pivot and Swivel Adjustments
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3.1.2.4.1 U-PIVOT OPERATION
In order for the Collimator to be fed into the U-Pivot systems, the swivel assemblies must
be able to move out of the feeding area. To do this, the swivel assemblies will ride on a
rail system bought from McMaster. This rail system and bearing block is rated for 12,100
lbs. (5488.48 kg) of dynamic loading and 15,750 lbs. (7144.08 kg) of static loading.
Since the Collimator is 8,200 lbs. (3719.47 kg) at its critical weight, the rail system is
deemed sufficient. This rail system will be directly welded to the floor. When the
Collimator is fed onto the system, the assemblies will be pushed inward from the furthest
position on the rail to secure the lugs of the Collimator. This action can be seen in Figure
34 and Figure 35. Once the swivel assemblies are set and the Collimator is secured, the
assemblies will be rigidly joined by using a coupler.

Figure 34: Swivel Assembly at farthest location
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Figure 35: Swivel Assemblies Trapping Collimator

The height adjustment of the system is driven by both the ACME thread and the Enerpac
cylinder for each configuration respectively. This feature is required because the optimal
pivoting height is roughly 5.77 inches (146.56 mm) above the direct feed height of 16.16
inches (410.46 mm) above the elevated floor. The ACME thread chosen for this design is
a 1”-10 right handed ACME thread Carbon Steel rod. These rods were deemed fit
because they are rated for 33,628.5 lbs (15,253.63 kgs.) per rod. The Enerpac cylinders
chosen for the Enerpac configuration are RC1510 15.7 ton 10” stroke cylinders. These
cylinders were chosen because of their lifting capacity and their stroke. Once the lugs are
moved to the optimal pivoting height, shims will be placed under the vertical control
member to help support the load.

The pivot of the system was designed into the vertical control member of the system. As
seen in Figure 36 the lugs can pivot within the circular grooves of the vertical member.
This allows for the Horizontal Adjustment Mechanism and Pulley system to lower the
upstream end of the Collimator into the optimal angle by pivoting about the downstream
lugs that are sitting in this groove.
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Figure 36: Vertical Adjustments Circular Groove

The final adjustment needed is the system is the swivel to account for the Horizontal
Adjustment Mechanism movements. This is done by using the swivel mechanism. There
are two swivel mechanisms within the system. This swivel mechanism rides on the
bearing blocks and can be seen in Figure 37. In the swivel mechanism, a “top assembly,”
which can be seen in Figure 37 in red, rides on a pin, that is constrained within a curved
slot. The slot can be seen circled in blue in Figure 38. When the two swivel mechanisms
are connected, the center of the two slot radii will meet in the center of the Collimator
between the two lugs. When the Horizontal Adjustment Mechanism is moved, the swivel
mechanisms will rotate about those centers to offset the movement. This swivel
movement can be seen in Figure 38.
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Figure 37: Slotted Device

Figure 38: Swivel about Centerline
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3.1.2.4.2 U-PIVOT ANALYSIS
In order to validate the structural reliability of this system, an FEA stress and deformation
simulation was done on both configurations. The Enerpac simulation tested both the full
swivel assembly and the top half of the swivel assembly. The goal of the full assembly
analysis was to prove the slotted portion of the design was not the critical point within the
system. The top half assembly simulation was to ensure that the structural integrity of the
upright components can withstand the load presented by the Collimator. The ACME
configuration simulation involved the top half assembly because the slotted portion was
already deemed enough for both cases. In all simulations, all the materials were made of
ASTM A36 Steel. The machinal properties used can be seen in Table 1.
Table 1: ASTM A36 Steel Mechanical Properties

Mechanical Property
Value
Young’s Modulus
29,000 ksi (200 Gpa)
Poisson’s Ratio
0.3
For this simulation’s purpose, each side of the mechanism would encounter half of the
force caused by the Collimator’s weight. To accurately represent this in modeling. A
2,600 lbs (11565.38 N) force was placed on the inner slotted face of the vertical
adjustment member at a 9.7° angle from the vertical. This can be seen in Figure 39.

Figure 39: Simulation Force

The deformation contour of the Enerpac’s full assembly simulation can be seen in Figure
40. The max deformation within this system was 0.005 inches (0.139 mm). This
deformation was small enough to deem sufficient.
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Figure 40: Enerpac Full Assembly Max Deformation

The max stress within this system was 3911.96 psi (26.972 MPa). This stress happened
in a stress concentration but was deemed sufficient since the maximum stress is well
below the 29,000, psi (200,000 MPa) allowable stress. The stress contour can be seen in
Figure 41 and Figure 42. Additionally, since the maximum stress did not occur within the
slotted portion of the assembly, the portion was deemed safe. A contour plot of the
slotted area can be seen in Figure 43.

Figure 41: Enerpac Full Assembly Max Stress
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Figure 42: Enerpac Full Assembly Stress Concentration

Figure 43: Slotted Device Stress

The analysis of the Enerpacs half assembly simulation yielded similar results. The
deformation and stress concentrations appeared at the same spots respectively. The
maximum deflection within this system was 0.004 inches (0.106 mm). The contour plot
of this simulation can be seen in Figure 44.
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Figure 44: Enerpac Top Assembly Max Deformation

The maximum stress within this system was 3914.42 psi (26.989 MPa). Again, this stress
occurred within a stress concentration at the same portion of the assembly. Since this
stress was well below the allowable, this design was deemed sufficient. The contour plots
can be seen in Figure 45 and Figure 46.

Figure 45:Enerpac Top Assembly Max Stress
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Figure 46: Enerpac Top Assembly Stress Concentration

The ACME top half assembly was put through the same simulation. The full assembly
was not done because the slotted portion was already deemed safe from the previous
simulation. The maximum deformation within the ACME assembly was 0.039 inches
(0.980 mm) and occurred on the outside shim. This deformation was small enough to
deem the design sufficient. The contour plot for this simulation can be seen in Figure 47.

Figure 47: ACME Top Assembly Deformation

The maximum stress within this system was found within a stress concentration on the
vertical control members guide bars. The maximum deformation was 12,243.361 psi
(84.415 MPa), which is well below the 29,000 psi (200,000 MPa) allowable stress. For
this reason the assembly was deemed acceptable. The contour plots for this analysis can
be seen in Figure 48 and Figure 49.
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Figure 48: ACME Top Assembly Max Stress

Figure 49: ACME Top Assembly Stress Concentration
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3.2 INSTALLATION PROCEDURE
1.

Adjustment mechanisms are pre-installed
a.

Horizontal Adjustment mechanism
i. Horizontal adjustment mechanism I-beam Kwik-bolted to ceiling

Figure 50: I-beam Secured

ii.

Two driven trolleys rolled onto I-beam

Figure 51: Attached Trolleys
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Attachment of pivot pulleys to trolleys

Figure 52: Attached Pulleys

Iv.

Side plates welded to I-beam to prevent roll-off

Figure 53: Attached Side Plates

This document is uncontrolled when printed. The current version is maintained in Teamcenter.

Fermilab
V.

Mu2e
Extinction Monitor Mount
Engineering Note

TC #
Rev -Date:4/25/2020
Page 43 of 104

Pulleys and winches Kwik-bolted to side walls of albedo trap

Figure 54: Pulley System Front View

Vi.

Cables routed through pulleys and trolley pulleys

Figure 55: Ropes Ran Through Pulleys
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U-pivot base assembly installed
I.

Rail is welded to steel floor plate

Figure 56: Rail System

Figure 57: Rail System Placement
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Bearing blocks are rolled onto floor plate

Figure 58: Bearing Blocks Attached

2. Collimator and Forklift arrive via overhead access crane in Muon Beamline hallway

Figure 59: Muon Beamline Room
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a. Will arrive on prefabricated collimator holder

Figure 60: Collimator in Holder

b. CGC 70 Forklift will arrive and enter the building via Muon Beamline hallway crane

c. Forklift can now mate with the inner structure of the collimator holder

d.
Figure 61: Forklift Moving Collimator
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3. Forklift with collimator maneuvers towards albedo trap
a. The forklift lifts the collimator and holder 1 foot off of the ground
b. Forklift lines up at the appropriate angle
c. The forklift will stop 1 foot before the collimator hits the albedo trap
d. Forklift will begin lifting until it reaches 162 in of vertical lift on the forks
e. Forklift will advance, feeding the collimator horizontally into albedo trap opening

Figure 62: Feeding the Collimator

4. Pre-installed adjustment structures will mate onto lifting lugs of collimator
a. Pivot assembly is secured to upstream end of collimator
i.
Preliminary fork structures with floating blocks are bolted to bearing blocks and
lined up with lifting lugs
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Figure 63: Lugs being Aligned

Figure 64: Lug Alignment Side View

ii.
iii.

Fork structures are bolted to bearing block
Floating block and shim are placed in each structure from top
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Figure 65: Vertical Control Members being inserted

iv.

Holding system is slid over upstream lugs

Figure 66: Trapping Collimator
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Coupler secures position

Figure 67: Coupler Connection

b. Horizontal Adjustment mechanism mates to downstream collimator lugs
I. Cable locked loop end secured using collars to the lifting lugs (keep slack in cable)

Figure 68: Cable securing lugs
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5. Uncouple collimator holder from collimator
a. Ring structures will be unbolted from the main collimator holder structure
i.

Note: the weight of the collimator will be supported by the U-Pivot and the lower
rings

Figure 69: Bolts being removed

b. Rings are removed
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Figure 70: Rings being removed

c. Forklift lowers collimator (begin to pull cable taught)
i.

Due to the cutout circled in blue in Figure 53, there will be no interference
between the collimator and the steel shelf

Figure 71: Forklift being lowered
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6. Nominal position (-9.7ᵒ) of entrance collimator will be reached
a. Pivot assembly(upstream) lifts collimator
i.
Enerpac (or ACME thread) will lift assembly

Figure 72: Lugs being lifted

ii.

Shims inserted into space between fork section and floating block to achieve
nominal height
b. Downstream adjustment lowered
i.
Winches take load of downstream collimator lugs

Figure 73: Winches taking load

c. Forklift can back away from the albedo trap
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d. Lowers collimator holder to safe position on floor
7. Adjustment of the collimator will occur
a. Enerpac cylinders can be removed and replaced as upstream adjustment is needed.
i.

Image below shows use of the Enerpac cylinder as place holder geometry. ACME
Screw can still be utilized as shown in section 3.1.2.4

Figure 74: Enerpacs removed (for Enerpac configuration only)

b. Downstream adjustment mechanism chain driven trolleys move adjust laterally
c. Winches adjust vertically downstream

Figure 75: Winch adjustment
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8. External concrete and steel shot are poured
a. Components below blue place are deemed sacrificial

Figure 76: Sacrificial portions

3.3 ITERATIVE DESIGNS
There were many versions of the critical lift and mounting design proposed throughout
the semester. The rapid changes were brought about by additional constraints, updating
collimator weight values, and budgetary concerns (among other things).

Figure 77: Downstream
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Figure 78: Upstream

Figure 77 and Figure 78 show the original design presented in late November 2019. The

collimator was to be pulled up the assembly ramp by an upstream horizontal adjustment
mechanism. The design had to be modified because there was no account for how the
collimator entered the building.

Figure 79: Downstream Ramp and Sled

Figure 80: Upstream Ramp and Sled
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Figure 79 and Figure 80 show the design presented during a meeting on February 3 rd. The

second design added a sled that would hold the collimator on the ground floor. The sled
would be pulled up the ramp and secured to the ramp. Afterwards the EM room pulley
system would pull the collimator off the sled and secure the nominal position. The design
needed to be modified due to the downstream HAM only having one pulley. The HAM
was placed further downstream as to not interfere with the collimator geometry. During
the meeting it was determined that there was no ceiling coverage due to an overhead
crane hatch. Issues such as the extreme transition from the ramp angle to final position
angle and the material costs of the ramp were major factors that contributed to another
iteration of design.

Figure 81: Direct Feed Structure

Figure 82: U-Pivot v1
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Figure 83: Forklift Design

Figure 84: Forklift Winch system
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Figure 85: Forklift Final Position

Figures 81-85 show the final two designs presented to Fermilab. Although both designs
were rejected for different issues, components of each design were used to form the final
design accepted by Fermilab. Figure 81 and Figure 82 show the removable ramp design.
This design used I beams of identical shapes and sizes in order to construct and
deconstruct the ramp with the limited spatial constraints. The ramp then fed into the UPivot structure for further adjustment. The U-Pivot adjustment system was taken from
this design. Figure 83, Figure 84, and Figure 85 show the collimator holder design. This
design utilizes a forklift in order to lift the collimator into place. A back pulley and
trolley were then used in order to provide upstream adjustment. The collimator holder
was taken from this design in order to develop the final accepted design.
3.4 INTEGRATION MEETING
Steps were taken to ensure that the original completed critical lift design could exist in
the surrounding environment. Thus, a meeting with the integration team at Fermilab led
by Russell Rucinski. The integration team is responsible for ensuring that any stand-alone
system or structure can coexist within the limited space of the Mu2e building. It is crucial
for any system at Mu2e to undergo a review process by the integration team due to the
possibility of systems interfering with one another and ensuring that confusion does not
occur. The senior design team defended the design; answering any questions or
addressing concerns presented by the panel of engineers and scientists. Many new or
previously unknown constraints were highlighted during meeting. The new constraints
were the driving force for the multitude of design changes that the extinction monitor
mount underwent.
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4. REALISTIC CONSTRAINTS
4.1 ENGINEERING STANDARDS
The standards adhered to all revolve around various, hoist, crane, and conveyor system
standards set in place by ASME, ANSI, and FESHM. The upmost care was taken to
adhere to FESHM standards set by Fermilab. It can be seen in Appendix I: DOE Orders
and Notices and List- B Fermilab Work Smart Standards [2] that FESHM derives many
of its standards from other existing safety standards and operating procedures. The codes
referenced in this document are listed below.
FESHM 7080: Concrete Anchor Devices [8].
Article 6.2.2: “The manufacturer specification data shall be adhered to.”
ASME B30.2 – Overhead and Gantry Cranes [3]
1.14.3 a: “The hoisting ropes shall be of a recommended construction for crane service.
The total load (rated load plus weight of load block) divided by the number of parts of
line shall not exceed 20% of the minimum breaking strength of the rope.”
ASME B30.16- Cranes and Vertical Hoists [4]
Item 11: “Refer to the Manufacturer specification in regard to trolley and pulley
components”
Item 12: “If there is more than one trolley on a given track, each trolley must be rated for
the maximum load.”
ASME B20.1- Conveyors [5]
Item 1202: “The hoisting ropes shall be of a recommended construction for crane service.
The total load (rated load plus weight of load block) divided by the number of parts of
line shall not exceed 20% of the minimum breaking strength of the rope.”
ASME B30.11- Monorails and Underhung Cranes [6]
Section 11-1.13
“Trolley wheel configuration shall be matched to the rail shape and size.”
“The trolley shall be suitable to operate on the minimum radius and contour of the
beam.”
“Refer to the equipment manufacturer, the operating manual, or other technical
information from the manufacturer or a qualified person for suitable equipment
application.”
“Adjust the trolley for proper fit and clearance for the application as referenced in
the manual provided with the equipment.”
ANSI MH27.1- Specifications for Patented Track Underhung Cranes and Monorail
Systems [7]
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5.7 “Stops shall be provided at the ends of the carrier and crane travel. Stops or forks
shall be provided at open ends of tracks; such as interlocking cranes, track openers and
track switches. Stops shall be provided to resist impact forces of a fully loaded carrier or
crane travelling at a normal walking speed or at 50% of the rated full load speed, if the
carrier or crane is motor driven.”
6.3.1.1: “The allowable tension stress in the lower load-carrying flange of track shall be
20% of the minimum ultimate tensile strength of the material used.”
6.3.1.2: “The allowable stress in the compression flange shall be less than 60% of the
yield strength of the material used.”

4.2 ECONOMIC CONSTRAINTS
The procedure for procurement is based on how much Fermilab is willing to allocate to
the accelerator division. The basis of estimate for the project has been quoted to be
$30,000.00 as of November 2019. The budget for the overall design was determined to
be under this limit. The budget includes rental and shipping costs for the Genesis CGC70
forklift used during installation.
4.3 SUSTAINABILITY CONSTRAINTS
Concerns have arisen regarding how long the mount and adjustment system will stay in
place while embedded in concrete. As there are no cyclic loads acting on the system, and
the static loads will stay within the allowable safety constraints. However, creep acting
within the concrete after the structure is placed and embedded is a concern that needs to
be addressed. The other factor that will affect longevity of the structure is the radiation
dose from the proton beam affecting the structure over time. The factors have been
analyzed, and no adverse effects were found in the mount assembly.
4.3.1 CREEP
Once properly adjusted, the collimator will have concrete poured around it. This concrete
will be a long-term structure, so creep analysis of the concrete needed to be conducted.
Creep is the long-term deformation of the concrete under an applied load. The creep is a
time-dependent deformation, so the sustainability of the system needed to be proved.
Figure 86 shows the maximum deformation caused by the equivalent creep. This creep
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analysis was conducted with normal strength concrete. This analysis shows that the
maximum equivalent creep is 0.097 mm acting under the collimator. This equivalent
creep is very low, so the system will be sustainable for its operation.

Figure 86: Equivalent Creep

4.3.2 RADIATION HARDNESS
The EM Mount structure has been verified to withstand the load of the collimator and its
internal components. However, long-term behaviors still needed consideration. Static
load and small amounts of proton radiation would be factors that the mount would be
subjected to over the course of several years. Scientific studies were reviewed to
determine what the long-term effects of proton radiation would be on the structural steel
of the EM Mount Structure.
The main method to use in the study of radiation’s effect on solids such as steel is
Positron Annihilation Spectroscopy (PAS). The method attempts to bombard a material
with proton radiation to accelerate the simulated effects of grain boundary segregation,
the main cause of embrittlement and fracture due to radiation in steels [1]. In terms of the
microstructure, two studies were reviewed to indicate how steel reacts to high dosages of
radiation. One study looked at how radiation affects the vacancy defects within reactor
pressure vessels [2]. The study utilized Positron Annihilation Spectroscopy which
simulates high irradiation with many specimens over the course of 20 years to see how
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defects in the CrMov steels used for nuclear reactor pressure vessels affected
embrittlement. It was shown that vacancy defects within the steels had minimal effect on
radiation embrittling of the steel and vise versa. Another study explored the grain
boundary separation within the same types of steels when exposed to radiation over time
[3]. The second study reinforced the fact that grain boundary segregation, the primary
cause of granular fracture in nuclear pressure vessels, was directly correlated to an
increase in neutron fluence. Methods such as Auger electron spectroscopy, fractographic
analysis, and standard Charpy tests were conducted on VVER-1000 steels used in reactor
pressure vessels to come to this conclusion. Thus, the main concern with radiation and
steel over the long term is the embrittling of the structure and potential fracture. In both
studies, the samples were bombarded with proton radiation with energy on the order of
400 MeV directly. Most of the studies considered direct application of high intensity
beams at 400ᵒC. It was discovered that the effect of radiation on the microstructure of
steels occurred at around 25% of the melting temperature of the materials studied [4].
Fermilab’s proton beam will be fired into the production solenoid with an intensity of 8
GeV of energy [5]. The high intensity beam may rouse concern. However, protective
shielding structures such as the proton dump are designed to withstand and completely
attenuate the beam [6]. The main concern then is to determine how much radiation will
transfer from the proton dump to the exposed winches and cables of the extinction
monitor mount and if the surrounding area will become hot enough for that radiation to
affect the microstructure.
Thermal analysis on the proton dump was conducted in 2010 to see what the operating
and failure temperatures would be on the iron core proton dump [7]. The finite element
simulation showed the operating temperature of the areas of interest in the dump to be
370.8 ᵒC (Figure 87 (a)). An aluminum core was used in Figure 87 (b) and Figure 87(c).
The two figures showcased the difference between passive and active cooling in the
proton dump. The recommendation for the implementation of active cooling surrounding
the proton dump was made based on the solution. The last set of simulations explored
how the radiation would accumulate and dissipate within the production solenoid room
[8]. The kinetic energy of the radiation was determined to be on a range of 20.8 – 125.0
MeV [8-10]. Compared to the pressure vessel steel research that was completed [1-4], it
is safe to assume that the extinction monitor mount will be in operation under normal
conditions for at least 20 years.
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(a)

(b)

(c)

Figure 87: Radiation Analysis Results

4.4 MANUFACTURABILITY CONSTRAINTS
All the components and sub-structures listed in this document are poised to be purchased.
Therefore, any manufacturing concerns are limited to welding of non-weight-bearing sub
structures, assembly and installation. All components that needed it were analyzed using
Ansys and proven to be suitable for the applications given to them. Assembly and
installation plans have been drafted to meet the needs of the client.
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5. SAFETY ISSUES
Based on upon the various ASME, FESHM, and ANSI standards referenced in this
document, it is clear that structural safety plays a major (if not the only) role in this
design. As there are no electrical components, corrosive liquids, or flammable
components, the only concern are the mechanical components. Just because there is only
one type of safety concern, that does not diminish the importance of it. The object being
lifted and adjusted is 5,200lbs (23.1 kN). If any of the components of this multiple part
system fail, that could spell doom for anyone unfortunate enough to be standing near or
underneath this massive object being suspended 17’ (5.18m) above the ground. Injury or
death could occur, and at the least impactful, the Mu2e experiment could be halted
temporarily and damage to the surrounding building or other structures could occur. The
project team will adhere to each standard listed to ensure that no said catastrophes occur.
All subsystems within the full assembly follow all related standards closely. The safety
standards drive the design for each subsystem. The redundancy placed in all of the
cables, pulleys, trollies, and I-beams all show that if one component fails, the remaining
functional equipment will be able to handle the load.

6.
ENGINEERING SOLUTIONS IMPACT
The lifting and mounting system that has been developed for the optimum design has a
small impact on society. The simplistic design of the mount uses some of the
fundamental systems of engineering, so there is not much revolutionary work being done.
Although designed system itself may not impact society, the overall MU2E project at
Fermilab can have an incredibly large impact on the future of physics. The goal of the
MU2E project is to try to prove the Big Bang theory by studying the interactions and
conversion of muons and electrons. If successful, this project will open the door for brand
new scientific studies and experiments never thought possible. There will not be any
economic or environmental impact involved in this project.
7.
LIFE-LONG LEARNING
Initially, the alternate designs all required the creation and manufacturing of multiple
different pieces. Throughout the optimal design process, new already made parts were
discovered. The use of these already manufactured parts was ideal because of the
available technical data available. Finding new products to assist in the assembly and
creation of the design is key to this project and searching throughout different
manufacturing catalogs has proven vital in discovering different, new technologies
readily available. Another new technology that has been researched was wire rope. Wire
rope is composed of multiple strands of metal wire twisted together in a helix to form a
high strength rope. Wire rope is generally used in applications that require loads much
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higher than what a chain or rope can withstand. Research into different styles of wire
rope helped determine which is the correct wire rope to use.
Throughout the course of this project, the group learned valuable lessons and skills about
working through a fluid situation. They faced several situations that caused the group to
come together and adapt. For example, after a semester of optimizing a design, the group
learned that a critical assumption in their design was wrong. This caused the group to
come back together and go to the drawing board for one last time. This challenged the
group to complete the design process in the course of a semester and the group delivered.
Additionally, COVID-19 taught the group to adapt to the online work environment. This
got the group ready for any natural disaster that could hit the world in the future.

8.
BUDGET AND TIMELINE
The budget is for Fermilab to gauge how funds will be allocated for their installation of
the entrance collimator.
The timeline for this project is broken up into two semesters. The first semester includes
much of the theoretical and analytical design of the components. The second semester
consists of fabricating and assembling the scale models of the components.
8.1

BUDGET

Based on the safety standards adhered to, potential parts have been chosen for Fermilab
to purchase. These are merely parts that the group was able to find, and Fermilab is free
to purchase from a more preferred vendor. Figure 88 shows the projected cost (not
including shipping) of the components that constitute the design. All components are
rated to accept the load of 3 tons based on the manufacturer specifications or via
simulation. One of the I-beams is listed as 20 feet (6.096 m). This was the only length
available from the vendor, and once again, Fermilab is free to purchase a similar I-beam
from a more preferred vendor with cut-to-length features.
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Fermilab
Portion of Design Distributor
National Lift Truck
National Lift Truck
Forklift
National Lift Truck
National Lift Truck
Steel Circus
McMaster Carr
Lifting Structure
Metals Depot
McMaster Carr
McMaster Carr
Thern
Thern
Thern
Pulley system
Metals Depot
McMaster Carr
Mcmaster Carr
Metals Depot
McMaster Carr

U-Pivot (excluding
configuration
specific costs)

Enerpac
configuration
additional cost
ACME
configuration
additional cost

Item
Genesis CGC70
Fuel
Pickup
Delivery
W10x68 Beam
Steel Sheet (12"x12"x1")
Steel Flat Beam 1"x4"x20'
Steel Flat Bar 1"x4"x3'
hanging pulley
steel cable 50 ft
cable lock
winch
S8x23 Standard Beam
c clamps
mounted pulley
W6x25 wide beam
Driven Trolley

Quantity
1 Week Rental
1
1
1
40
28
2
18
3
3
6
3
1
8
2
1
2

Metals Depot

A 36 stock(1'x2'x1/4")

Metals Depot
Metals Depot
McMaster Carr

Metals Depot
Metals Depot
Metals Depot

A 36 stock(1'x2'x1")
A 36 stock( 1'x1'x1")
Linear rail bearing (from McMaster)
Linear rail 34mm x 1640 mm(from
McMaster)
A 36 stock (1'x1'x0.5")
A 36 stock (1' x 2' x 2")
A 36 stock (1'x 4'x 1/4")

4
2
1

Turner Supply

Enerpac 10 ton 10 " stroke

4

McMaster Carr

6
2
3
2
1

McMaster Carr

ACME 1"-10 rod 3'

2

McMaster Carr
McMaster Carr

1/2" A 36 rod x 2'
1"-10 ACME flanged nut

4
2
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Price per Unit
Total Price (per item) Sub-Total
$1,400.00
$1,400.00
$50.00
$50.00
$1,740.00
$145.00
$145.00
$145.00
$145.00
$20.40
$816.00
$169.59
$4,748.52
$8,057.54
$269.20
$538.40
$108.59
$1,954.62
$577.84
$1,733.52
$306.48
$919.43
$55.38
$332.28
$2,620.00
$7,860.00
$579.60
$579.60 $15,916.47
$4.56
$36.48
$697.67
$1,395.34
$309.30
$309.30
$1,375.26
$2,750.52

$29.50
$163.84
$94.42
$184.48

$177.00
$327.68
$283.26
$368.96

$721.60
$49.05
$275.04
$54.00

$721.60
$196.20
$550.08
$54.00

$648.81

$2,595.24

$19.90
$3.00
$141.15

$39.80
$12.00
$282.30

Grand Total

$28,392.79

$2,678.78

$2,595.24

$334.10

Figure 88: Budget for Fermi

8.2

TIMELINE

8.2.1 FIRST SEMESTER TIMELINE
October 10- November 19
The major accomplishments in Figure 35 include reviewing all safety codes and
standards needed for this portion of the project, concepting ideas to complete the overall
goal, picking an optimal design and preforming basic calculations to reinforce the design.
November 20 - December 7
The major accomplishments within Figure 37 include developing and analyzing the
virtual model, complete all FEA, quote all components of the design for Fermilab use and
develop a list of all components required to be machined.
December 8 - January 20
Major accomplishments in Figure 38 include completing the virtual models of the scale
model, quoting and ordering all material needed for the scale model.
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8.2.2 SECOND SEMSTER TIMELINE
January 12 - January 31
Major accomplishments in January included: Designed the installation procedure for the
ramp system design, separated the ramp system into two parts, developed presentation for
a mini critical readiness review meeting.
February 1 - February 29
Presented at the mini “CRR,” developed alternative designs, picked two alternative
designs and determined optimal designs, completed CAD work for optimal designs.
March 1 – April 30
Major accomplishments during March included: compiled and presented budgets for two
optimal designs, decided to focus on the forklift design, completed all remaining CAD
work, completed all hand calculations, completed all FEA, completed all detailed
drawings, compiled engineering notes, and developed final presentation.

9.

TEAM MEMBERS CONTRIBUTIONS TO THE PROJECT

9.1
AMEED HAMDAN
Along with multiple iterative designs, Ameed was responsible for the design
configuration of the pulleys and winch of the horizontal adjustment subassembly,
including installation and component research. Along with the horizontal adjustment subassembly, Ameed was responsible for the assembly drawing of the collimator holding
structure with the various detail drawings associated with it. Ameed also found the
drawings for purchased premanufactured parts. Ameed completed all Ansys simulations
for stress and deformation of the collimator holding structure to determine its viability.
He completed creep analysis for the concrete and the collimator as well. Ameed also was
responsible for the contact between the group and the manufacturers of various winches
and cables until the appropriate ones were found.

This document is uncontrolled when printed. The current version is maintained in Teamcenter.

Fermilab

Mu2e
Extinction Monitor Mount
Engineering Note

TC #
Rev -Date:4/25/2020
Page 69 of 104

9.2
CHRIS BECKER
Chris was responsible for the Ansys simulation analysis and procurement research of the
horizontal adjustment sub-assembly. The design for the sub-assembly was based on the
alternative design of a keyway and closed rail system developed by him. CAD drawings
for the horizontal adjustment mechanism were completed. The collimator holder was also
an original design by Chris. This design was subject to multiple iterations based on load
center and forklift specifications. All SolidWorks models were completed. Chris was
also responsible for the safety standard research and Mu2e documentation research as
well as a portion of the budget compilation for the project. All subsystems for the forklift
feed parallel design were compiled and completed. All previously mentioned designs had
SolidWorks models completed as well. He determined that the critical lift mount was
suitable under radiation conditions from the main accelerator. Care was taken to inquire
about the project through Fermilab staff on subjects such as proton beam intensity and
spatial constraints. Outside distributors were contacted to ensure forklift models were
suitable for the collimator holder.
9.3
RYAN MCMANUS
This member was responsible for the design and analysis of the U-Pivot system. This was
designed so that the Collimator could be directly fed into this system while being able to
adjust the Collimator into the optimal position. This system also automatically accounts
for the movement of the Horizontal Adjustment Mechanism. Ryan completed all hand
calculation, FEA, SolidWorks models, detailed drawings and research to complete this
portion of the design. Ryan contributed many concepts and analysis during the
brainstorming portion of the project. Ryan completed all SolidWorks, FEA and hand
calculations for the ramp system in the previous iterations. He was also responsible for
compiling the timeline and gannt chart for the project Finally, Ryan budgeted the UPivot’s full assembly and compiled it into the full budget.
10.
CONCLUSION
It has been determined that the proposed design is a good fit based on the constraints
placed. The main concern is if the design is capable of withstanding the load placed upon
it with maximum emphasis placed on safety. This design meets those expectations. All
components are rated at the required load or higher, and any component that does not
have a rating load has undergone sufficient computational simulation. Multiple iterative
designs were created to accommodate the extremely narrow space constraints set by the
albedo trap of the PS room. The critical lift system implementation is projected to cost
Fermilab under $30,000.00, and the design has been approved by a critical design review
committee. In addition, the creep analysis and proton radiation research completed show
that the lifting system is designed for longevity. All constraints presented have been
accounted for. Overall, the critical lift installation system for the extinction monitor
entrance collimator is a resounding success, and the design can be presented with pride.
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13. APPENDIX
A. COLLIMATOR HOLDING STRUCTURE

Figure 89: Lifting Structure Full Assembly
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Figure 90: Steel Shim

Figure 91: Extra Small Counterweight
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Figure 92: Smaller Counterweight

Figure 93: Medium Counterweight
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Figure 94: Large Counterweight

Figure 95: Extra Large Counterweight
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Figure 96: Collimator Holder Ring

Figure 97: Lower Collimator Holder Weldment
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B. HORIZONTAL ADJUSTMENT MECHANISM

Figure 98:Horizontal Adjustment Mechanism

Figure 99: Overhead Rail
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Figure 100: Mounted Pulley for Wire Rope

Figure 101: Chain Driven Trolley
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Figure 102: Hanging Pulley for Wire Rope

Figure 103: Chain Driven Trolley
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Figure 104: Tetrahedral Stress Convergence

Figure 105: Hex Dominant Stress Convergence

C. PIVOT ASSEMBLY
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Figure 106: Enerpac Vertical Control
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Figure 107: ACME Vertical Control
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Figure 108: Coupler
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Figure 109: U-Pivot ACME Configuration
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Figure 110: ACME layout
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Figure 111: U-Pivot Enerpac Configuration
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Figure 112: Enerpac layout
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Figure 113: Swivel Assembly
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Figure 114: Swivel Attachment
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Figure 115: U-Slot
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Figure 116: ACME BOM
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Figure 117: Swivel Attachment
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Figure 118: U-Slot ACME Configuration
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Figure 119: ACME Rod
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Figure 120: ACME Top
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Figure 121: Swivel Base

This document is uncontrolled when printed. The current version is maintained in Teamcenter.

Fermilab

Mu2e
Extinction Monitor Mount
Engineering Note

TC #
Rev -Date:4/25/2020
Page 98 of 104

Figure 122: Swivel Top
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Figure 123: Bearing Block

Figure 124: Rail
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Figure 125: ACME Flanged Nut

Figure 126: Enerpac Top Assembly Analysis
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Figure 127: Enerpac Top Assembly Analysis

Figure 128: Enerpac Full Assembly Analysis
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Figure 129: Enerpac Full Assembly Analysis

Figure 130: ACME Top Assembly Analysis
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Figure 131: ACME Top Assembly Analysis
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Figure 132: Creep Analysis convergence graph
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D. ASSEMBLY LOCATION

Figure 132: Collimator Critical Lift Assembly Drawing
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